Sixteen-month-old heifers from herds having known genetic growth patterns were compared for differences in grazing behavior in a 3-yr study. Treatments were heifers from four size-maturity groups defined by the mature size and maturing rate of cow herds in which they originated. Average growth curve parameters indicating mature BW and rate of maturing in these cow herds were 387 kg and . vs Group 111 comparison, bite size increased with current or mature BW. Biting rate values were similar for all treatment groups but lower than those previously reported on other grass swards. Grazing time increased (P < .01) in treatment groups defined by larger mature BW. Differences in grazing time for Group N vs the other treatments and Group I vs Group I1 and Group III were observed repeatdy; the Group II vs Group HI comparison was significant in one period during each of the 3 yr. Diurnal variations in grazing patterns among the treatments were observed. Period of observation affected (P < . 0 1 ) bite size and grazing time. These effects were not associated with month but could best be explained by differences in forage height and total mass. Forage availability had a direct influence on bite size, and a compensating effect of longer grazing time with smaller bite size was demonstrated as a regulator of intake. Differences in ingestive behavior were associated with genetic growth patterns in cattle.
basis to study how variations in sward and animal characteristics influence forage consumption.
Previous research has concentrated on characteristics of the sward and its influence on ingestive behavior. Such research, recently reviewed by Forbes (1988) , indicated that bite size was controlled primarily by sward structure, and, of the three ingestive regulators, bite size exerted the greatest influence on daily intake. When the effects of sward were removed, all the components of ingestive behavior could vary between animals, days and grazing periods (Jamieson and Hodgson, 1979b) . Research relative to animal effects is limited. This study was conducted to examine differences in ingestive behavior by cattle
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differing in mature size and rate of maturity. June and July observation periods provided a means to evaluate the influence of sward structure and its interaction with cattle type on ingestive behavior.
Materials and Methods
The cattle selected for treatment groups were from purebred, University of Arkansas herds. In these herds, periodic weights provide longitudinal weight data from which growth curves of individual animals may be fitted. Growth curves fitted according to Brody (1945) were determined by three parameters, two of which have economic importance to cattlemen. These parameters were A, asymptotic weight (interpreted as mature weight), and k, the average rate at which maturity is approached. Test cattle were heifers from cow herds that had A and k values as follows: Group I were heifers from very small, fast- Five weaned heifers from each of these four treatment groups were selected each fall and trained throughout the winter months. The purpose of this training period was to tame these heifers for close, undisturbed observation. In addition, the heifers were trained to be halter-led and to stand quietly on a small scale. During May in each of 3 yr, three heifers within each group were selected as test animals. From the remaining eight animals, three heifers were chosen for estimating insensible weight loss during the bite size studies.
Treatment group initial weights during the measurement period differed (Table 1 ). These differences are expected because the heifers were approximately the same age, so current and mature BW would be correlated. Initial weights also were a function of rate of maturity. Groups I and II were comparatively fast-maturing cattle, as indicated by k values of .19%/d and .18%/d. By midsummer, heifers in Groups I and 11 had reached 64% and 70% of their mature weight, respectively. Corresponding values for the slower-maturing heifers of Groups III and IV were 61% and 59%, respectively. Because the heifers were of similar age but maturing at different rates, it is not surprising that test weights of Groups II and 111 were very similar even though potential mature weights differed.
The above-mentioned factors must be given consideration in interpretation of the results. Whether treatment differences were due to differences in current weight, mature weight, rate of maturity, stage of maturity, frame size or breed cannot be determined. Treatments were defined as growing heifers from groups of cattle differing in mature size and rate of maturity. Treatment effects therefore reflect the sum of the characteristics of cattle that fit each treatment definition. In the text and tables treatments are identified by mature BW or rate of maturing, but it is not suggested that these characteristics exclusively are responsible for treatment differences.
Treatment groups were assigned to pastures at random each year. A treatment group occupied the same pasture during the June and July observation periods. The experiment was conducted on .22-ha Midland bermudagrass pastures, each equipped with a 30-m2 holding area containing an artificial shade. Each pasture received a winter application of preemergent herbicide for control of annual weeds and grasses. Soil fertility was maintained by a spring application of N (88.2 k o a ) , P (48.5 k o a ) and K (97.1 k o a ) during the first year and 66.6 k@ha of each element during subsequent years. Between data collection periods within each year, heifers were removed from the experimental pastures for a 10-d period, pastures were clipped to a height of 10 cm, and supplemental N was applied at the rate of 76.2 kg/ha.
Sward Measurements. Estimates of forage height and total sward mass were made on d 3 (yr 2) and d 4 (yr 3) of the 5d adjustment period prior to each data collection period.
Three random forage samples were taken within each pasture by throwing a 20-cm2 quadrat frame constructed of steel rod. The height of the forage within the quadrat was determined from the average of three or more measurements. Seed stalks and seed heads were not included in the height measurement. All the forage inside the quadrat was clippi to ground level, sealed in a plastic bag, weighed and sampled for DM. Forage mass (kg DM/ha) was estimated from the DM content of this sample. The samples were dried at 5VC, ground through a 1-mm screen, and analyzed for Kjeldahl-N (AOAC, 1975) (Allden and Whittaker, 1970) . Both morning and afternoon estimates were obtained. The cattle were p e~e d in the holding areas between 2100 and 0700 and between 1200 and 1550. During the remaining daylight hours when data were not being collected, the cattle were allowed free access to the pastures. Bite size estimates were obtained using two animals per treatment each day. The third animal in the pasture was allowed to graze to provide company for the individual being observed for bite size. A schedule for observation was established on a 3 d cycle such that each of the three animals within a treatment was measured on 2 d during each cycle.
At 0700 and 1550, one of the two animals to be measured was led to a scale to obtain an ADF (*ring and Van SmSt, 1970) . Characinitial weight. These "grain" scales were a portable, platform type (48.3 cm x 71.1 cm) with a 454-4 capacity and readability and precision of .2 kg. The scales were modified to the experimental conditions by addition of a large platform (72.4 cm x 160 cm) and construction of a cage around the scale to help restrain the animal. Only the platform contributed to the tare weight on the scale, and all tare was zeroed between weighings. Following the initial weighing, the animal to be observed and the third animal, which was allowed to graze unobserved, entered the pasture. Under close observation, the number of bites was counted using a hand-held counter until a minimum of 1, OOO bites had occurred. A bite was defined as the tearing sound that occurred when the forage was severed from the swar& thus, the technician had to remain close enough to the grazing animal to hear the bites. The multiple head movements associated with the biting process were not considered. Only prehension bites were counted. During counting, the location of any defecation was marked with 20.3cm wooden garden markers. Urination or drinking nullified the observation, and the animal was returned to the scale to be weighed again. At the conclusion of the counting period, the animal was walked to the scale (any bites taken along the way were counted) and a final weight was recorded. Immediately following the final weight, any feces excreted between initial and final weight were placed in a plastic bag and sealed, and a forage sample was clipped at approximately the same height and from the same areas of the pasture as the animal had grazed during the period of observation. This entire procedure was repeated using the other animal scheduled for bite size measurement.
Insensible weight loss occurred during the normal grazing activity of the observation period. Estimates of this loss were made from the change in weight of similar animals tied in dry lot for periods of 30 to 45 min without feed or water and exposed to the sun. This time period corresponded with that normally required to obtain 1, OOO bites. Any feces and(or) urine were collected in hand-held buckets and included in the final weight of the weight-loss estimate. Insensible weight loss was expressed as kgJ100 kg initial weight. When averaged over several days of repeated observations, this expression was observed to INGESTIVE BEHAVIOR be relatively constant across the treatments. Insensible weight loss was consistently higher during afternoon than during morning observations and varied between June and July collection periods. Therefore, corrections for insensible weight loss were made on the basis of test animal initial weight with a different adjustment factor for morning vs afternoon time periods and June vs July collection periods.
Estimates of bite size were calculated from estimates of DM intake during the bite size observation period. To the measured weight change of the test animal, an insensible weight change that was calculated for that particular observation period was added plus the weight of any feces collected during the observation. The total weight change then was multiplied by the DM content of the representative forage sample to estimate DM intake. Bite size (mg DM/bite) was calculated by dividing DM intake by the number of bites associated with that observation.
Biting Rate Measurements. Estimates of biting rate were obtained at random time intervals between 0500 and 2100. No attempt was made to determine minimum or maximum rates associated with the total day's grazing. M e r a grazing session was initiated, the cattle were allowed to graze a minimum of 5 min before a biting rate estimate was obtained. Within a session, grazing continued for an additional 30 to 60 min before another biting rate estimate was taken. Six to eight biting rate measurements were obtained on each animal daily.
Measurements were obtained using a handheld counter and a stop watch. Prehension bites, as previously defined, were counted during 1-to 2-min sessions of observation. If biting was interrupted for 30 s or more during the observation, the estimate was voided and the observation was repeated. The elapsed time on the stop watch was converted to a decimal in minutes, and biting rate was recorded as bites/&.
Grazing Time Measuremenrs. Grazing time was recorded on the same days as the biting rate measurements. The cattle were allowed free access to the pastures from 0500 to 2100, during which time they were observed continually. Because the pastures were small, each technician simultaneously could observe the grazing activity in two adjoining pastures. To avoid unobserved night grazing, the cattle were OF GRAZING HEIFERS 3581 confined to the holding areas during hours of darkness. Grazing time was recorded as time spent taking bites and was, therefore, considerably shorter than the total time spent foraging. At the start of a grazing session, the time of day at which the first bite was taken was recorded to the closest minute. Time likewise was recorded at the cessation of biting. Any time that biting was interrupted for a period of 30 s or longer, grazing time was recorded as having ceased at the minute closest to when the interruption began. Moving a short distance to a new grazing site usually did not result in cessation of grazing time, whereas more lengthy activities such as drinking, playing with another animal or checking the fence frequently terminated grazing time for that session. The number of grazhg sessions ranged from five to 35 per day. Grazing time (min) was calculated for each animal for eight consecutive 2-h time periods beginning at 0500 and for the total day.
Statistical Analysis. Bite size, biting rate and grazing time were analyzed using a model that contained period of collection, treatment group, a component for time of day and the resulting two-and three-factor interactions. Statistical significance of treatment group was tested by animals within treatment groups, time and treatment x time by the interaction of time with animals within treatment groups, and period and its interactions with other factors by a pooled term containing the interactions of period and time x period by animals within treatment groups. Sward measurements collected prior to each period of data collection were analyzed using a model that contained sampling date, pasture (treatment group) and date x pasture. Statistical significance of each component was tested against samples within pastures within dates. AU ANOVA were conducted using the GLM program of SAS (1985). Significance of treatment mean differences were tested using orthogonal contrasts according to Steel and Tome (1960) .
Results and Discussion
Bire Size. Variations in physiological state can have a marked impact on ingestive behavior (Hodgson, 1985) . In this study, bite size tended to increase in groups identified by larger mature size, the Group II vs Group III comparison being an exception to this trend (Table 2) . The large, slow maturing Group IV heifers took significantly larger bites than the average of the other treatments in one period of all years except the fxst. Zoby and Holmes (1983) reported that with extreme differences in animal size (mature cows vs stockers vs calves), bite size values calculated indirectly from estimated herbage intake and total daily bites were different. Allden and Whittaker (1970) found this comparison to hold true with lambs only on swards with long tillers. Obviously, adequate forage must be available to express different potentials in bite size. In the current study the Group l V cattle had a disadvantage because all pastures were stocked at the same rate, and as each period reached its conclusion, forage height was visibly shorter on this treatment. Thus, the magnitude of differences in bite size may have been greater had more forage been available.
Of interest in this study was the consistently larger (significant in 1987) bites taken by heifers in Group II vs those in Group IJI.
Weights for these groups were similar throughout the study ( forage selected would contribute to this difference. Forbes (1988) reviewed factors that influence the values obtained for rate of biting and stressed the need for "an adequate definition of a bite." The recording procedure use, manual or automatic, and the degree to which head and jaw movements are included or excluded from the field measurement have a large impact on the final estimate. The common method for previously reported values is the 20-bite technique as described by Jamieson and Hodgson (1979a) in which the time taken for an animal to make 20 bites is recorded A record is discarded if an animal raises its head before completing 20 bites. Tolleson and Erlinger (1989) observed a significant reduction in biting rate when the estimate was based on the time required to take 1,OOO bites vs the number of bites taken during a 1-min observation period. In our study, individual estimates of 60 bites/min and higher were recorded, but the animal did not sustain this rate throughout grazing. The heifers rapidly took enough bites to make a bolus, then several jaw movements were associated with the assimilation of the forage material into a bolus, followed by Changes in sward structure also may influence biting rate. Allden and Whittaker (1970) reported that biting rate of sheep grazing ryegrass pastures increased from 18 to 73 swallowing.
bites/min as tiller length decreased from 36.7 to 5 cm. Most of the reports in the literature have been conducted on ryegrass pastures. Structural differences between ryegrass and bermudagrass swards also may have contributed to the lower values obtained in this study.
Grazing Time. Large and relatively consistent differences were observed in the total daily grazing times of heifers in our four treatment groups (Table 4) . Total daily grazing time increased in treatment groups identified by large mature size. The contrast of Group W heifers vs the heifers from groups smaller in current or mature size was significant during all but one of our six data collection periods. Compared to the small, rapidly maturing Group I heifers, Group II and III heifers grazed significantly longer during both periods in 2 of the 3 yr of the study. For the 3 yr of data combined, total daily grazing time increased an average of 23.5 min between adjacent treatment groups. At the extremes, the large, Group N heifers grazed 70.7 min/d longer than the small, rapidly maturing Group I heifers.
As was noted for biting rate, previously reported grazing times have tended to be longer than those observed in this study.
Again, the procedure chosen (biting time vs foraging time) must be recognized as a contributing factor. Twenty-four hour grazing time values have been reported to range from 580 to 625 min (porbes and Hodgson, 1985) , 463 to 501 min ( h b y and Holmes, 1983) for mature cows grazing perennial rysgrass and 467 to 668 min for cows on a subtropical legume (Hendricksen and Minson, 1980) . Forbes and Coleman (1987) observed times of 576 to 634 for 250-kg steers grazing Asiatic bluestem swards. Shorter grazing times would be anticipated with the comparatively large bite sizes recorded in this study. Hodgson (1985) reviewed the various factors controlling intake in the grazing ruminant and commented that the most readily apparent response to a change in intake per bite is a corresponding compensatory change in &razing time. In the previously mentioned studies, bite size values were in the range of 200 to 500 mg OM.
Converting DM to OM, corresponding bite size values for heifers in our study ranged from 380 to 720 mg OM/bite.
The potential Contribution of night grazing was removed by fasting our heifers during the 8 h of darkness. Cows grazing an annual legume in Great Britain were reported to spend 20 to 30% of their total grazing time in night grazing (Hendricksen and Minson, 1980) . Climate and day length can influence the proportion of night to total grazing time. R.
Senft (personal communication of unpublished data) observed that during the short-day months of September through April, night grazing accounted for approximately 20% of the total, but during May, June and July night grazing was only 2 to 8% of total grazing time.
It is doubtful that the short periods of fasting used in our study substantially affected the outcome. The effect of overnight fasting on bite size and rate of intake appears inconsistent among pastures and forage types (Chacon and Stobbs, 1977; Sidahmed et al., 1977) . These latter workers reported that intake per hour in sheeq was sisnificantly affected across four pasture types only on a fasting treatment of 36 h. Length of fast (0, 12, 24 and 36 h) also did not affect in vitro digestibility of esophageal extrusa. In the current study, bite size was measured following a 10-h fast in the morning and a 4-h fast in the afternoon. Morning vs afternoon measurements differed (P < .05) during only one period of the 3-yr study; in that particular case, the afternoon measurement was higher than the moming measurement.
Any effects that the short periods of fasting had on grazing behavior presumably were small compared to other factors examined.
Diurnal patterns in time spent grazing are illustrated in Figure 1 . Continuous observation during the daylight hours (0500 to 2100), when divided into eight 2-h periods, showed an effect both for period of the day (P < .00l) and for treatment group (P < .001). However, the failure of treatments to respond with similar grazing patterns across the periods of the day resulted in interaction (P < .001); hence, the data were analyzed subsequently within 2-h periods. The comparison Group IV vs the average of the other groups was significant during all observation periods except the last 4 h of the day. During the early morning hours of 0500 to O900, heifers in Group IV grazed less (P < .025) than the average of the other groups; in contrast, Group Figure 1 clearly demonstrates an animal source effect on grazing time. To some extent, these effects may be attributed to treatment response to thermal heat load. As we expected, the majority of grazing was accomplished during the early morning and evening hours.
We have no explanation why Group IV heifers grazed less during the early morning periods, but whereas the other groups tended to have prolonged grazing sessions followed by a retum to shade, Group IV heifers tended to graze for shorter sessions followed by prolonged periods of lying in the sun during these early morning hours. That the effects observed during the middle of the day were not due strictly to haircoat color can be illustrated by comparing the black heifers of Group I and Group II. The Group II Angus consistently spent more time grazing during the heat of the day, during which time their pattern of grazing was very similar to that of the red-coated Group Dl heifers. These mid-day effects may be a reflection of differences in energy requirements among the treatment groups. current or mature sue increased, the heifers increased their consumption during the least desirable periods of the day as a compensating mechanism to satisfy their higher DM requirement. Sward Structure. The influence of sward structure on ingestive behavior has been reviewed recently (Forbes, 1988) . The findings in our study support the general observations of previous reports. Variations in sward characteristics were manifested between the June and July collection periods (Table 5) . Forage height in 1987 and total mass during both years changed significantly with period of collection. These differences in forage availability resulted in significant period effects on bite size (Table 2 ) and grazing time ( Table 4) . Across the four animal treatments, a larger bite size and a corresponding shorter total grazing time were associated consistently with those collection periods having the higher yield of forage.
Forage nitrogen and ADF concentrations
were not affected (P e .05) by period of collection (Table 5) . Slightly higher N contents obtained for the July periods resulted from nitrate application between periods. Forage ADF reflected forage maturity, and, although differences in forage quality were not significant, within each year longer grazing times were associated with those periods having the higher forage ADF.
An early summer drought followed by a wetter than normal July in 1988 resulted in a highly significant year x collection period interaction for forage height and total mass (Table 5) , and following the forage characteristics, a corresponding interaction for bite size and grazing time resulted (Figure 2 ). This bar graph illustrates the relationship between bite size and grazing time as has been described h previous reports (Forbes, 1988) . During periods in which bite size exceeded 600 mg DM, total daily grazing time averaged 50 min less than those periods in which bite s u e was below 500 mg DM.
The Figure 2 interaction indicates that neither bite size nor grazing time was associated with month per se but closely paralleled the characteristics of the sward in Table 5 . Bite size was greatest during June 1987 when the largest values for forage height and total mass were recorded. The close similarity in grazing behavior during July 1987 and June 1988 probably was a result of the combined influence of several factors. Both forage height and mass were similar during these two periods, and, although each has been shown to be related to bite sue, neither has proven to be a consistent indicator because forage characteristics change with maturity (Forbes, 1988) . Because of the dry weather, leaf growth had declined and bermudagrass had entered into the flowering stage. Although not measured, the density of green leaf and stem in the surface horizon appeared to be reduced causing the heifers to be more selective and thus restricting bite size to similar, repeatable values during the two periods. Whatever the source, this effect was uniform across the treatment groups for bite size ( Table 2 ) and grazing time ( 
